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Description 

The present invention relates to tubular structures formed in part by composite materials. 

A composite material can be defined as a macroscopic combination of two or more distinct materials having a rec- 

5 ognizable interface between them. Composites typically have a discontinuous fibre or particle phase and a continuous 
matrix phase. The discontinuous phase is strffer and stronger than the continuous matrix phase and there is generally 
a 10% or greater volume fraction of the discontinuous phase. 

Composites may be divided into classes in various manners. One classification scheme is to separate them 
according to the form of reinforcement used in the discontinuous phase, i.e. particulate-reinforced, f tore-reinforced, or 

io laminar composites. Fibre-reinforced composites contain reinforcements having lengths much greater than their cross- 
sectional dimensions. Fibre-reinforced composites can be further divided into those containing discontinuous or contin- 
uous fibres. A composite is considered to be a discontinuous fibre or short fibre composite if its properties vary with 
fibre length. On the other hand, when the length of the fibre is such that any further increase in length does not for 
example, further increase the elastic modulus of the composite, the composite is considered to be continuous fibre rein- 

15 forced. Most continuous fibre reinforced composites contain fibres that are comparable to or greater in length than the 
overall dimensions of the composite part. 

Glass fibre reinforced organic matrix composites are the most familiar and widely used, and have extensive appli- 
cation in industrial, consumer, military and aerospace markets. The glass fibre most commonly used is known as E- 
giass, a calcium aluminoborosilicate glass having a useful balance of mechanical, chemical, and electrical properties, 

20 at moderate cost. Other fibre reinforcement materials include synthetic organic fibres (such as nylon, polyester and ara- 
mids) and synthetic inorganic fibres (such as boron, carbon and silicon carbide). 

Matrix materials cover the range from polymers to metals to ceramics. Polymers are the most commonly used 
matrix materials, specifically the organic polyester and vinyl ester resins. The polymers are characterized by low densi- 
ties, relatively low strengths, a nonlinear stress-strain relationship, and relatively high strains-to-failure. When property 

25 requirements justify the additional costs, other matrixes are used, including epoxy, butadiene, bismaleimide, polyimide 
and other thermosetting resins, and thermoplastic resins. Thermoplastic co-mingled fibre-bundles can also be used. 

Composite structures that incorporate continuous, unidirectionally-oriented ftores can be radically anisotropic in 
nature; that is, they exhibit significantly different properties along different axes. Strength, stiffness, and co-efficient of 
thermal expansion can vary by more than ten times in different directions. In the fibre direction, loads are carried prima- 

30 rily by the fibres, which determine the mechanical properties in that direction. The fibres deform very little and constrain 
the matrix to small deformations. On the other hand, the fibres do riot contribute significantly in the direction normal to 
the fibres, so that the matrix acts as a continuous load carrying structure and the fibres move with the deforming matrix, 
without significantly impeding deformation. Mechanical properties measured transverse to the reinforcement direction 
will thus be similar to those of non-reinforced matrix materials. 

35 The purpose of the oomposite matrix is to keep the reinforcing fibres in the proper orientation and position so that 
they can carry the intended loads, distribute the loads more or less evenly among the fibres, and provide resistance to 
crack propagation and damage. The mechanical properties of the matrix usually have little effect on the overall strength 
of the composite, other than from the load transfer characteristics and the strength of the interphase. The matrix gen- 
erally determines the overall service temperature limitations of the composite, and may also control its environmental 

40 resistance. 

A tubular structure subjected to free end closure pressure stress, such as a pressure vessel or pressure containing 
pipeline, can be subjected to internal or external pressure and so requires the tubular wall structure to simultaneously 
resist longitudinal and circumferential stresses. In addition, a tubular structure may be simultaneously subjected to one 
or a combination of external direct or shear stresses provided by external pressure, bending, torsional or thermal load- 
45 ing. 

In the case of rigid tubular structures employing isotropic materials such as steel or other metals, the structure can 
simultaneously resist both longitudinal and circumferential stresses with a single wall structure. 

Since unidirectional composites typically have exceptional properties in the direction of the reinforcing fibres, but 
poor to mediocre properties perpendicular (transverse) to the fibres, the approach taken with prior art continuous f bre- 

so reinforced composite tubular structures which may be subjected to more than one-dimensional loading is to combine 
layers a plies with differing fibre orientations. In this way, the lesser properties perpendicular to the fibre direction are 
augmented by the superior properties in the direction of the fibre orientation. The adjoining layers of plies are bonded 
together into a laminate and oriented at different angles with respect to each other such that the effective properties of 
the laminate match some particular loading condition. Outside loads or stresses applied to a composite tubular struc- 

55 ture result in internal stresses which are different in the individual layers. External direct stresses may result not only in 
internal direct stresses but in internal shear stresses, and external shear stresses may result in internal direct stresses 
as well as internal shear stresses. Therefore, laminate effective material properties are tailored to meet performance 
requirements through the use of laminate theory, where the stress-strain relationships for a thin laminated plate are 
developed for the case of plate membrane forces and bending moments. 
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Prior art laminated composite tubular structures employ a variety of continuous ffore reinforcement patterns to 
achieve the required effective laminate properties. These include a pattern which orients the reinforcing fibres at a con- 
stant helix angle which resolves the various external forces into a single resultant force in the direction of the fibre. 
Another pattern utilized where torsional forces are absent combines longitudinal-oriented reinforcing fibres (parallel to 

5 the cylinder axis) to resist axial loads together with circumferential-oriented reinforcing fibres (perpendicular to the cyl- 
inder axis) to resist hoop loads. 

A further pattern combines circumferential-oriented reinforcing fibres to resist a portion of the hoop load, together 
with helically-oriented reinforcing fibres to resist torsional and axial loads and a portion of the hoop load. A still further 
pattern of continuous f tore orientation utilized in prior art composite tubular structures combines circumferential-ori- 

10 ented reinforcing fibres to resist a portion of the hoop load, together with helically-oriented reinforcing fibres to resist 
torsional loads and a portion of both hoop and axial loads, together with longitudinally-oriented reinforcing fibres to 
resist a portion of the axial load. 

Where the structure is intended to be relatively rigid and is not required to exhibit significant flexibility, the laminate 
may employ appropriate patterns to meet the anticipated loading conditions. However, where a flexible structure is 

is required, additional considerations apply. 

The flexular rigidity or bending stiffness of a tubular structure is the measure of its stiffness or resistance to dis- 
placement perpendicular to its length as determined by both material elastic properties and cross-sectional dimen- 
sions. The flexular rigidity of a tubular structure can be expressed by the radius of curvature (r) resulting from an applied 
bending moment (M), and is proportional to the modulus of elasticity (E) and moment of inertia (I) as governed by the 

20 formula 1/r = M/EI . The deflection in bending of a tubular structure places one-half of the cylinder wall into compres- 
sion and one-half into tension, with the neutral axis unchanged in length. Unlike simple axial compression or tension, 
however, the longitudinal axial stress varies linearly above and below the neutral axis. 

Tubular structures are limited in the extent to which they can be deflected perpendicular to their length in bending 
by the maximum tensile or compressive stress value (whichever causes failure) to which the wall of a cylinder at the 

25 furthest point from the neutral axis can be loaded without failure. This relationship can be described by the formula 
o- = Ec/r , where o- « longitudinal stress in the cylinder wall at a distance from the cylinder centre line (c), given a radius 
of curvature (r). The longitudinal stress generated in the wall of a cylinder deflected in bending is thus inversely propor- 
tional to the radius of curvature and directly proportional to the distance from the centre line of the cylinder. Greater cur- 
vature (smaller radius) increases axial stress in the cylinder wall and the maximum stress is experienced at the 

30 perimeter of the cylinder at the furthest distance from its neutral axis. The flexular strength of a tubular structure is gen- 
erally referred to as the maximum stress that can be borne by a surface element of a cylinder in bending without failure. 

For composite tubular structures, the fundamental principles governing bending are the same. However, there are 
some additional factors. For composite tubular structures comprising continuous fibre-reinforced laminate plys oriented 
at various directions relative to each other, the maximum bending stress does not necessarily occur at the outermost 

35 perimeter of the cylinder as it does with isotropic materials. Due to the differing directional orientation of the fibre rein- 
forcement, each laminate layer is likely to have a different strength and stiffness when measured in the direction of the 
cylinder axis. When a bending moment is applied to the composite tubular structure, a longitudinal stress is produced 
in each of the laminate plies proportional to the elastic modulus of that layer and its distance from the neutral axis. The 
maximum bending stress in each layer is experienced at the radially outer edge of each laminate ply. This longitudinal 

40 stress generated in each laminate ply is resisted by the longitudinal strength of each laminate, with failure occurring in 
the individual laminate ply with the lowest ultimate strength (within its elastic limit) relative to the induced bending stress. 
Therefore, although the laminate construction of composite tubular structures creates a potentially different point of fail- 
ure in bending other than at the outermost perimeter of the cylinder, the maximum bending deflection of prior art com- 
posite tubular structures is limited to the maximum longitudinal stress that can be borne by the earliest failing laminate 

45 ply. 

The anisotropic nature of continuous fibre reinforced composites places a severe limitation on the ability to increase 
the maximum bending deflection of prior art composite tubular structures. Laminate plys containing fibre-reinforce- 
ments oriented parallel to the bending stress will exhibit the highest ultimate strength, but also the highest elastic mod- 
ulus. Fibres oriented transverse to the bending stress will exhibit the lowest elastic modulus, but also the lowest ultimate 
so strength. 

Given the high levels of strength and predictability of continuous fibre reinforced composite structures in axial ten- 
sion, that portion of the prior art cylinder wall which is placed in tension is unlikely to experience failure prior to the por- 
tion of the cylinder wall placed in compression. The compressed portion behaves far less predictably. Axial compression 
of continuous fibre reinforced composite structures produces shear components of load between the fibre and matrix. 
55 These out-of-plane components can lead to tension loads in the matrix that may cause premature matrix failure. The 
results of analysis of composites indicate a significant variability in axial compressive strength as it is essentially a 
matrix-dominated variable. Therefore, prior art composite tubular structures exhibit minimal capacity for axial deflection 
without failure due to limited and significantly variable maximum compressive stress values which renders them unsuit- 
able for flexible tubular structures. 
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A further problem associated with prior art composite tubular structures is that due to the low elastic modulus of 
glass-reinforced composite materials in contrast to steel, such structures exhibit significant axial expansion when sub- 
jected to internal pressure stress. In restrained end closure pressure-containing pipelines, this characteristic places all 
or a portion of the pipeline structure into compression and can impose large and potentially damaging loads on fittings 

5 such as elbows, and on terminal equipment such as valves and pumps. As composite materials exhibit limited and 
highly variable maximum compressive stress values, and this magnitude of axial expansion cannot in practice be acco- 
modated with conventional steel expansion devices, significant limitations are placed on the performance of prior art 
composite tubular structures when used as pressure vessels or pressure-containing pipelines. 

To provide a flexible tubular structure, various arrangements have been proposed in which the wall of the structure 

io is formed from several different components. In the case of flexible tubular structures employing isotropic materials such 
as steel and other metals, there is a significant reduction in structural efficiency in contrast to rigid tubular structures 
since the designer must provide a structural wall or layer to resist each of the longitudinal and circumferential faces. 
One structural wall or layer must be oriented so as to predominantly resist circumferential forces while concurrently hav- 
ing the capacity to spread itself axially to permit bending, thus having little or no resistance to longitudinal forces. A see- 
rs ond wall or layer must be oriented so as to predominantly resist longitudinal forces while concurrently having the 
capacity to spread itself axially to permit bending, thus having little or no resistance to circumferential forces. Both inde- 
pendent layers are designed to perform their specialized function by the use of narrow, helically-oriented strips, which 
in both cases are stressed predominantly along the strip length with little or no stress induced across the width of the 
narrow strip. For this reason, isotropic materials such as steel and other metals are inefficient materials for such flexible 

20 structures, since the strength of the material in the direction transverse to the strip length is underutilized and thus 
wasted in resisting stresses placed on the tubular structure. 

Typically prior art steel f lexfole tubular structures utilize a mechanism of helically-oriented interlocking metal strips 
which serve to limit the maximum axial strain in flexure at any point along the length of the cylinder. This mechanism is 
provided by forming a "IT or "Z" shaped profile and subsequently post forming it into a the helically-oriented steel strip 

25 in such a manner as to provide interlocking of the strip as it is formed around the pipe. In flexure, this interlocking mech- 
anism restricts the gap between adjacent strips to a maximum specified dimension, thus providing a defined contain- 
ment "net" through which the internal plastic liner or bladder will not extrude. 

However, as noted above, isotropic materials such as steel and other metals are inefficient materials for such flex- 
ible structures, since the strength of the material in the direction transverse to the strip length is underutilized and thus 

30 wasted in resisting stresses placed on the tubular structure. 

WO-A-87061 84 discloses on f igure 1 a method of forming a composite helical element comprising the steps of pro- 
viding a cylindrical support element (3), forming a spirally wound former (1) to delimit opposite sides of said composite 
element, applying in pliable form said composite strip (1 1) between said formers and curing said composite strip. 
According to the said document, the cured helically wound strips are transferred for subsequent application to a 

35 pipe body. There is, therefore, no teaching of using the pipe body as a support to which a former is applied prior to the 
application of the composite strip. 

Although composites are recognized as anisotropic and should therefore be more efficient than isotropic material 
in such structures, interlocking mechanisms such as those used for steel structures are not practical with flexible tubular 
structures which employ continuous f fore-reinforced composite materials. Although a linear, "IT or "Z" shaped f tore rein- 

40 forced composite part can be fabricated using the process of pultrusion, this process is not practical for the production 
of helically-oriented components as used in the steel structures because such part cannot be post formed. 

It is therefore an object of this invention to provide a flexible tubular structure which permits the use of fibre rein- 
forced composites as a structural component. 

In general terms, the present invention provides a tubular structure having a circumferential wall formed from a pair 

45 of juxtaposed wall elements. One of the wall elements comprises a plurality of juxtaposed layers, one of which is con- 
tinuous and flexible and has a spirally wound radial projection directed toward another of the layers. The other layer 
includes a first spirally wound composite strip having a radial projection directed toward the one layer. The other layer 
further includes a spirally wound elastomeric strip interposed between adjacent passes of the composite strip. The pro- 
jections on the one layer and the other layer are staggered relative to one another in an axial direction and overlap one 

so another in the radial direction. The layers are separated by an intermediate layer having a spirally wound composite 
strip located between each pair of projections and flanked by spirally wound elastomeric strips so as to locate an elas- 
tomeric strip between a composite strip of said intermediate layer and an adjacent one of said projections. The com- 
posite strips of the layers overlap one another in the axial direction to provide a continuous composite barrier in the one 
wall element in the radial direction. The other wall element comprises a layer of alternating spirally wound composite 

55 strips and elastomeric strips. The pitch of the spirally wound composite strips in the radially outer of the wall elements 
is greater than the pitch of the composite strips in the radially inner of the wall elements. The elastomeric strips in each 
wall element uniformly distribute the composite strips in the respective wall element upon flexure of the tubular structure 
to maintain the structural integrity thereof. 

In bending, the three layers which comprise the one wall element act to permit and facilitate realignment of the com- 
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posite strips in a manner which seeks to minimize the stresses induced in such structural components and which 
attempts to maintain a maximum uniform strain throughout the cylinder length by limiting the maximum axial distance 
which any two adjacent spirally wound strips can separate from one another. Bending stiffness of the cylinder is largely 
determined by the radial thickness and elastic modulus of the continuous flexible layer. The intermediate and other layer 
5 of the one wall element provide the primary resistance to hoop tensile stresses derived from internal pressure, and 
resistance to hoop compressive stresses derived from axial loading and external pressure. In flexure, the deformation 
of elastomeric material between adjacent spirally wound composite strips permits a shortening of that half of the wall 
element placed in compression, by the transfer of a portion of the elastomeric material to the opposite half of the wall 
element placed in tension. 

10 The other wall element provides resistance to longitudinal tensil e stresses derived from internal pressure, torsional 
and axial loading, and resistance to compressive stresses derived from external pressure. When subjected to a bending 
force, the portions of the wall elements which are placed in compression achieve a shortening in their longitudinal axes 
by a reduction in the distance between adjacent composite strips. The portions of the wall element which are placed in 
tension achieve a lengthening in their longitudinal axis by an increase in the distance between adjacent composite 

is strips. For any given cylinder length in flexure, the increase in area above the neutral axis is equal to the reduction in 
area below the neutral axis. In flexure, a portion of the elastomeric material in the reduced area between adjacent com- 
posite strips in the half of the cylinder that is shortened axially by compression is redistributed to the increased area 
between adjacent composite strips in the half of the cylinder in tension. In this fashion, minimal bending stress is 
induced in the f fore-reinforced composite strips, but rather the flexure is made possible by a change in their geometry 

20 and the deformation of elastomeric material. 

The tubular structure of the preferred embodiments minimizes the reliance upon the limited and significantly varia- 
ble maximum compressive stress value to permit a smaller radius of curvature to be obtained. 

A tubular composite structure which may be subjected to internal or external pressure, thermal or torsional stress, 
or a combination of these loading conditions must be designed such that the ultimate strength of the laminate is suffi- 

25 cient to resist the combined total of all stresses, including bending stress, without failure. Therefore, the applied stress 
on a cylinder in flexure must be added to the applied stress from other loading conditions in determining required lam- 
inate orientation and thickness. In the preferred embodiment, because the structural components of the tubular struc- 
ture, namely the spirally wound composite strips, are not significantly stressed in flexure, the laminate thickness is 
determined principally by the other loading conditions. 

30 Embodiments of the present invention will now be described with reference to the accompanying drawings in which: 

Figure 1 is a general side view of a tubular structure with layers thereof progressively removed; 
Figure 2 is a side elevation of the structure shown in Figure 1 ; 

Figure 3A is a sectional view of Figure 2 on the neutral axis as indicated by section line 3A-3A; 
35 Figure 3B is a view similar to Figure 3A taken on the line 3B-3B; 
Figure 3C is a view similar to Figure 3A taken on the line 3C-3C; 
Figure 4 is a general perspective view of a further embodiment of tubular structure; 

Figures 5-14 are schematic representations of successive stages in the manufacture of the structure shown in Fig- 
ure 1; 

40 Figure 15 is a representation of apparatus used as an alternative to the procedure used in Figure 5; and 

Figures 16-23 show schematically successive steps in a procedure for joining two tubular structures similar to that 
of Figure 1. 

Referring therefore to Figure 1 , a tubular structure 1 0 has a circumferential wall 12 that is formed from a pair of jux- 
45 taposed wall elements 14,16. An outer sheath 18 completes the wall 12 and provides protection from the environment 
for the elements 14,16. 

As can best be seen in Figure 3A, the radially inner wall element 14 comprises three separate layers, namely 20, 
22 and 24. The inner layer 20 consists of a continuous flexible plastic cylinder 26 having a spirally wound protrusion 28 
projecting radially outwardly therefrom. The layer 20 can typically be formed from a thermoplastic polymer or elasto- 
so meric material and is preferably impermeable to the fluids to which it may be exposed. In certain cases, layer 20 may 
include an inner liner (not shown) of impermeable material so that the cylinder 26 may be formed from a material having 
different properties. 

Outer layer 24 consists of a spirally wound composite strip 30 having a radially inward projection 32 directed 
towards the inner layer 20. The composite strip 30 has the same pitch and hand as the spiral projections 28. However, 
55 the projections 32 and 28 are staggered axially and overlap in the radial direction. A second spirally wound composite 
strip 34 is located between the successive passes of the strip 30 and located axially so as to be aligned with the pro- 
jection 28. Composites strips 30,34 each consist of a bundle of fibres or roving, for example E-glass, generally orien- 
tated in the direction of the winding with a matrix disbursed between the fibres. The fibres in the roving may be 
contained by transverse fibres extending about the roving to provide a smooth exterior surface and resist torsional ioads 
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in the strip induced in bending of the structure. The matrix may, for example, be polyester. Typically, the composite strips 
will have 75% by weight of fibre and 25% by weight of matrix although, as will be discussed more fully below, alternative 
materials and ratios may be used. 

Located between the composite strips 30.34 are a pair of spirally wound elastomeric strips 36.38. These strips may 

5 be any suitable elastomer such as neoprene. Strips 36 and 38 are located on opposite flanks of the composite strip 30 
and act to maintain the composite strips 30 and 34 in spaced relationship. 

An intermediate layer 22 is located between the layers 20,24 and consists of a pair of composite spirally wound 
strips 40,42. Each of these strips 40,42 is of the same hand and same pitch as the strips 30 and 34 and is axially located 
so as to overlap in the axial direction each of the adjacent strips 30,34 in the outer layer 24. Each of the strips 40 and 

io 42 is located between adjacent ones of the projections 32,28. A pair of elastomeric strips 44,46 and 48.50 is associated 
with the composite strips 40 and 42 respectively and located on opposites sides thereof. Strip 44 is thus interposed 
between the composite strip 40 and the projection 28 and elastomeric strip 46 is interposed between the strip 40 and 
projection 32. Similarly, the elastomeric strips 48 and 50 are interposed between the composite strip 42 and the projec- 
tion 32 and 28 respectively. 

15 A layer of friction-reducing material such as polyethylene fflm 52 is located between the inner layer 20 and interme- 
diate layer 22. Similarly, a layer of friction reducing material 54 is applied between the outer layer 24 and intermediate 
layer 22 so as to minimize the resistance to relative axial movement between the layers 22 and 24. 

Outer wall element 1 6 is separated from the inner wall element 1 4 by a friction-reducing film 56. The outer wall ele- 
ment 16 consists of inner and outer layers 58,60 which in turn are separated by a friction-reducing fflm 62. Each of the 

20 layers 58 and 60 consists of alternating composite strips 64 and elastomeric strips 66 that are spirally wound. The pitch 
between successive passes of each strip 64 is greater than that of the composite strips of the inner wall element 14 so 
that in general there will be a greater number of individual strips 64 than there are strips 30,34. For added clarity, each 
separate strip 64 has been denoted with a suffix a, b in Figure 3A with the corresponding elastomeric strip 66 also 
denoted with suffixes a, b and c. The pitch of the strips 64,66 in outer layer 60 is the same as that of the inner layers 58 

25 but is of opposite hand as can be seen in Figure 1 . 

A friction-reducing film 68 is located between the outer sheath 1 8 and the layer 60 to minimize resistance to relative 
movement between the sheath and outer layer 60. 

In operation, the principal bending stiffness of the structure 1 0 is determined by the flexible layer 20. The composite 
strips of the outer layer 24 and intermediate layer 22 of wall element 14 essentially constitute helical springs formed 

30 from composite material and do not contrfoute significantly to the bending stiffness of the overall structure. The overlap- 
ping of the composite strips of the intermediate layer 22 and outer layer 24 provides a continuous barrier of composite 
material in a radial direction in the wall element 14 and thereby supports the layer 20 against internal pressure to inhibit 
extrusion of the layer 20 through the wall element 14. The elastomeric strips act to maintain the composite strips uni- 
formly distributed along the axial length of the tubular structure and interact with the projections 28 and 32 to maintain 

35 the composite strips 40,42 of the intermediate layer centred between the composite strips 30,34 of the outer layer 24. 
As can be seen from Figures 3B and 3C, as the tubular structure is flexed transverse to its longitudinal axis, the com- 
posite strips on one side of the neutral axis move apart and the composite strips on the other side of the neutral axis 
move together. This is accommodated by a bodily displacement of the elastomeric strips which however maintain a uni- 
form loading across the composite strip to maintain them uniformly distributed and maintain the continuous composite 

40 barri er in the radial direction. 

In flexure, the behaviour of each of the components contained within the layers is governed by the behaviour of the 
components which have greater bending stiffness. In flexure, that component which has the greatest bending stiffness 
will first seeks its modified shape tend to force the component with the next greatest bending stiffness to comply with 
its movement. The component with the second greatest bending stiffness will seek its modified shape, within the limi- 

45 tations provided by the component with the greatest bending stiffness, and tend to force the component with the third 
greatest bending stiffness to comply with its movement. By modifying the dimensions and elastic moduli of the compos- 
ite, plastic and elastomeric components which make up the layers, it is possible to govern the behaviour of each of the 
components in flexure. For a tubular structure with an inside diameter of 76.2 mm (3") and a helix angle of 70 degrees, 
the following component dimensions and elastic moduli provide the following respective bending stiffnesses for each of 

50 the components: 



55 
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Component 


Reference 
Number 


Radial Thickness 


Axial Width 


Elastic Modules 


Bending Stiff- 
ness 


Plastics Cylinder 


26 


5.08mm (.200m.) 


Continuous 


248 MPa (36,000 
psi) 


238.2 Nrrr 
(83,000 Ib.in 2 


Elastomer Strips 


36,38.44 
46,48,50 


1.27mm 
(O.OSOin.) 


6.35mm (0.250 
in.) 


345 MPa (500 
psi) 


8.62 Nm 2 (3.000 
Ib.in 2 ) 


Composite Strips 


30,34,40, 42 


1.27mm 
(O.OSOin.) 


28.58mm 
(1.125in.) 


24100 MPa (3.5 
million psi) 


0.316 Nm 2 (110 
Ib.in 2 ) 



r5 In the above example, the plastic cylinder 26 will dictate the behaviour of the remaining components by virtue of its 
significantly greater bending stiffness relative to the other components. The spirally wound elastomer strips, by virtue 
of their next Nghest bending stiffness, will modify their shape within the limitations defined by the plastic cylindrical com- 
ponent and in turn cause the composite strips, with the lowest relative bending stiffness, to conform. By reliably control- 
ling the behaviour of the components in this manner, and by virtue of the minimal bending stiffness of the structural 

20 composite components, the tubular structure can be deflected in bending to a radius of curvature 1 0 times its diameter 
without subjecting the composite structural components to significant bending stresses. In flexure, the half of the inner 
wall element which is placed in tension achieves a lengthening in its longitudinal axis by an increase in the axial dis- 
tance between the protrusions extending from the inner plastic cylinder. The opposite half of such inner wall element 
which is placed in compression achieves a shortening in its longitudinal axis by a reduction in the distance between the 

25 protrusions extending from the inner plastic cylinder. This adjustment in spacing between protrusions of the high bend- 
ing stiffness plastic cylinder 26 forces the deformation of elastomeric material from the reduced area in the half of the 
cylinder shortened axially in compression, to the increased area in the half of the cylinder lengthened axially in tension. 
This deformation of elastomeric material from one half of the tubular structure to the other causes a realignment of the 
spirally wound composite strips which have the lowest bending stiffness. In flexure, the protrusions 28 and 32 co-oper- 

30 ate with the elastomeric strips of the intermediate layer 22 to ensure that the composite elements remain overlapped 
and a continuous wall of composite material is provided. 

The provision of the films 52, 54, 56, 62 and 68 avoids direct contact between the layers and therefore facilitates 
relative movement between the elements of the layers during bending. 

The principle function of the outer wall element 16 is to resist axial loads. As the helix angle of the strips 64 

35 decreases, i.e. as the pitch increases, so the axial strength of the structure increases. 

The relative radial thicknesses of the composite strips 30.34, and 40.42,64 and the relative pitches of each of the 
wall elements determines the maximum loading capability available for a given structure. As may be seen from Table I 
appended to the description, the parameters are to a certain extent interdependent but can be adjusted to accomodate 
a wide variety of operating conditions. 

40 As can be seen from Row A of Table I. as the maximum internal pressure is increased, the radial thickness of each 
of the layers 22, 24 and 58.60 similarly increases in a generally linear manner. It will be noted, however, that the bending 
stiffness remains substantially the same, indicating, as noted above, that the bending stiffness is determined essentially 
by the cylinder 26. 

Row B of Table I illustrates the effect of varying the helix angle in the outer wall element 16. As might be expected, 
45 as the helix angle increases to 50° from 40° (pitch decreases), the axial strength is significantly affected and a large 
increase in the thickness of the layers 58,60 is necessary. A small reduction in the thickness of the layers 22,24 also 
results but not enough to offset the increase in elements 58,60. 

Row C shows how varying the helix angle of the components of wall element 14 does not significantly affect bend- 
ing stiffness but requires a large increase in radial thickness to maintain the maximum internal pressure rating for a 
so change from 70* to 60°. There is a corresponding decrease in the thickness of layers 58,60 but this is reflected in the 
decrease in axial strength. 

Rows D & E show clearly how the helix angles of the composite strips in wall element 14,16 have optimum values 
for maintaining a maximum internal pressure rating. 

In the above examples, the elastomeric strips will have an axial width of 6.4 mm (0.25 in.) and the composite strips 
55 a width of 31 .8 mm (1 .25 in.). 

By way of comparison, Table 2 below shows the configuration of components in a three-inch diameter pipe and a 
six-inch diameter pipe intended to withstand the same maximum internal pressure, namely 35 MPa (5,000 psi). 
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is Thus, a doubling of wall thickness is required but a significant fourfold increase in axial strength is obtained. The 
large increase in bending stiffness is attributable mainly to increased cfi ameter of the cylinder 26. 

The arrangement shown in Figures 1 , 2 and 3A illustrates relatively simple wall structures suitable for use in a wide 
variety of applications. Where a pipe is to be used in an environment requiring a high level of integrity, the wall element 
1 4 may be replicated so that the wall element 1 6 is located between a pair of wall elements each similar to wall element 

20 14. This provides a degree of redundancy for the containment of the layer 20 should a failure occur in element 14. This 
arrangement is shown in Figure 4 where like reference numerals will be used to denote like elements with a prefix "1" 
added for clarity. 

As can be seen from Figure 4, a radially inner wall element 1 14 having layers 120, 122, 124 as described above as 
with respect to Figures 1 and 2 is encompassed by a wall element 1 16 formed from layers 158 and 160. A further wall 

25 element 170 is located radially outwardly of the wall element 116 and is similar in construction to the wall element 1 14. 
However, the hand of the spiral composite and elastomeric strips in the wall element 170 is opposite to that of the wall 
element 114, although the pitch is similar. A sheath 1 18 completes the wall structure. The wall element 170 provides 
further resistance to hoop tensile stresses derived from internal pressure, resistance to hoop compressive stresses 
derived from longitudinal tensile loading and external pressure and resistance to external impact or handling damage. 

30 The arrangement shown in Figure 4 has the advantage that there is a neutral torque loading due to axial loads and 
internal pressure when using the pair of similar but opposite hand wall elements 114, 170. This reduces flexing of the 
wall and of course torque loads that may be imposed upon couplings at opposite ends of the tubular structure. The wall 
element 170 may also be used to adjust the density of the tubular structure to a desired value. 

It will be appreciated that the above configurations are exemplary only and additional wall element thicknesses or 

35 alternative wall element pitch can be designed to meet a particular set of loading conditions. The relative thickness and 
disposition of the various layers may be optimized to meet those parameters while maintaining the basic structural ele- 
ments shown in the drawings. 

The above description has referred generically to a plastics material for layer 20, and composite strips and elasto- 
meric strips in the wall elements 14 and 16. It will, however, be appreciated that a wide variety of materials are suitable 

40 to form the individual elements that may be chosen to suit particular applications. For example, the plastic layer may be 
a thermoset or thermoplastic polymer, such as polyethylene, polybutylene, polypropylene, polyurethane. fluoroplastics, 
polyamides or polyamide-imides. 

Similarly, the composite strip may be formed from any suitable fibre interspersed with a suitable matrix. Typical of 
such f tores are glass f bre, nylon, polyester, aramid, boron, carbon and silicon carbide. Typical of such matrix materials 

45 are polyester, vinyl ester and epoxy. The individual characteristics and preferences for the use of each material are well 
known within the composites art and therefore need not be elaborated further. 

Elastomeric materials may also be selected from a wide range of available materials. Elastomeric materials include 
natural and synthetic thermoset rubbers and thermoplastic elastomers. Synthetic rubbers include nitrile rubber, EPDM, 
butyl rubber, silicone rubber and a variety of specialized blends designed for specific service conditions. Thermoplastic 

so elastomers include styrenic block copolymers, polyolefin blends, elastomeric alloys, thermoplastic polyurethanes. ther- 
moplastic copolyesters, and thermoplastic polyamides. 

The manner of manufacturing the tubular structure 1 0 is shown more fully in Figures 5 through 1 4. It will be appre- 
ciated in these Figures that the components of the manufacturing apparatus are individually well known although their 
combination to produce the process described below and the tubular structure described above is believed to be novel. 

55 The process will be described to produce the tubular structure shown in Figures 1 and 2 and similar reference numerals 
will used for the same components. 

Referring therefore to Figure 5, the tubular wall 26 of intermediate layer 20 is extruded from a die 200 and moved 
axially by means of gripper wheels 202. The radial projection 28 is formed on the outer surface of the wall 26 by an elon- 
gate strip of similar material that is welded or bonded to the outer surface of the wall 26 as it is applied. A coil 204 of the 
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strip 28 is mounted on a spider 206 that is rotated about the axis of movement of the wall 26 as rt is moved axially. 
Accordingly, the strip is laid down as a continuous spiral protrusion with the requisite pitch. 

A layer of film 52 is then applied between the projections 28 from a roll 208 that is mounted on a spider 210 and 
rotated about the axis of movement. The protrusions 28 serve as a guide for the film 52 so that it is neatly and uniformly 

5 laid down on the surface of the element 26 between the projections 28. 

Referring to Figure 6, the elastomeric strips 50 are then applied from a coil 212 mounted on a spider 214 and abut 
the projection 28 that serves as a guide for the strips 50. A slight tension is applied to the elastomeric strip 50 so that it 
grips the outside of the wall 26. The elastomeric strip 44 to the opposite side of projection 28 is similarly applied in an 
axially spaced location from a roll 216 that is rotated on a spider 218. 

io The strips 46 and 48 are applied between the projections 28 from a roll 220 rotated about the axis of the tubular 
structure by means of a spider 222. As can be seen from Figure 6, an additional strip 224 is applied between the strips 
46,48 to maintain them in spaced relationship. Again, a slight tension is applied to the elastomeric strips to maintain 
them in place during formation. 

As can be seen in Figure 7, the composite material forming the strips 40 is then applied in a similar manner from 

is coils of fibre 224 rotated on a spider 226. Although shown schematically as a single coil, it will be appreciated that the 
fibre may be supplied from a number of separate coils rotated in union about the axis of the structure. The matrix mate- 
rial may be applied to the fibre as it is unwound from the coil 224 or alternatively, pre-impregnated fibres or thermoplas- 
tic co-mingled fibres could be utilized to provide the matrix material. The previously applied elastomeric strips 44,46,48 
and 50 serve as a mould for the composite 40.42 allowing it to be applied in a continuous manner to the tubular struc- 

20 ture prior to curing. After application, the composite material is cured by suitable curing techniques such as infrared or 
heat. At this stage, the inner layer 20 and intermediate layer 22 has been completed. 

In order to produce the outer layer 24, it is necessary to provide a mould for the projection 32 of the composite strip 
30. This is provided by removal of the strip 224 that was applied between the strips 46 and 48. Once the strip 224 is 
removed, a spiral recess is formed on the outer surface of the tubular structure which will accomodate the projection 

25 32. The film 54 is then applied to the outer surface of the tubular structure from a coil 228 mounted on a spider 230 rotat- 
ing about the axis of the structure. This is shown in Figure 8. 

As can be seen from Figure 9, the elastomeric strips 36,38 are next applied to the outer surface from coils 232,234 
respectively that are mounted on spiders 236, 238. As shown in Figure 10, the composite strips 30,34 are then wound 
onto the outer surface between the elastomeric strips 36 and 38 in a manner similar to that of strips 40,42. It will be 

30 noted that the recess left by the strip 224 is located between the passes of strips 36,38 and during application of the 
composite, the film 54 deflects into the recess, allowing the composite similarly to flow into the recess and form the 
radial projection 32. Again, the composite is effectively moulded "in situ" by virtue of the constraints placed by the strips 
36,38 and the configuration of the radially inner wall on which the composite is placed. The composite is then cured and 
a continuous film 56 applied to the outer surface to complete the inner wall element 14. 

35 Thereafter, outer wall element 1 6 is formed, as can be seen in Figure 1 1 . Elastomeric strips 66 are first applied from 
respective rolls 240 rotated on spiders 242 to provide a mould for the composite strips 64 which are applied from their 
respective rolls 244 rotated on spiders 246 (Figure 12). The composite is cured and film 62 applied from the roll 248 on 
spider 250. This completes the inner layer 58 of the outer wall element 16. 

It will be noted that the composite strips 64 of inner layer 58 of outer wall element 1 6 are applied in opposite hand 

40 to the composite strips 30,34,40,42 of inner wall element 14. Subsequently as shown in Figure 13. the outer layer 60 is 
formed by application of the elastomeric strips 66 and, as shown in Figure 14, the composite strips 64 which are sub- 
sequently cured. The strips 64,66 of layer 60 are applied in opposite hand to the strips 64,66 of layer 58. Thereafter the 
film 68 is applied and the outer sheath 18 extruded over the tubular element 

It will be noted that throughout the production process, the elastomeric elements are utilized as a mould for the 

45 application of the composite strips so that the composite strips may be applied in a pliable form but when cured provide 
the requisite spirally wound structure. 

It will be appreciated that further layers may be similarly formed utilizing the steps shown above with respect to the 
embodiment of Figures 1 and 2 but in view of the repetitive nature of the process, it is believed that it need not be 
described further. 

so The preparation of the layer 20 has been described by the bonding or welding of a separate strip to form the pro- 
jection 28 but it will be appreciated that the same structure may be formed by utilizing a rotating extrusion dye 250 as 
shown in Figure 15 in which the projection 28 is simultaneously extruded with the cylindrical wall 26 by rotation of the 
dye as the wall 26 is axially extruded. This avoids the need to bond or weld a separate strip to the wall 26. 

The arrangement described above provides a tubular structure that makes use of continuous fibre reinforced com- 

55 posites and has particularly beneficial structure and/or characteristics. However, a further benefit found from the struc- 
ture descrfoed above with respect to Figures 1 through 4 is the ability to make a structurally sound connection between 
two lengths of tubular structure. Previously this has been extremely difficult with fibre reinforced composite pipes and 
has not resulted in a structurally satisfactory arrangement. 

In order to form a joint between two lengths of the tubular structure 10 shown above or of one length to a fitting, 
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advantage is taken of the nature of the layers that form the structure and in particular the provision of the elastomeric 
strips within that structure. 

As shown in Figure 16, the initial step in joining two lengths of the structure 10 is to remove a portion of each layer 
that increases progressively from the radially inner to the radially outer layer so that a portion of each layer is exposed. 

5 The portion exposed will depend upon the composition of the structure and the loads to which it is to be subjected but 
will typically be three times the diameter of the layer. For convenience the full extent of the exposure of each layer has 
not been depicted in the figures. 

With the individual layers exposed as shown in Figure 16, a portion of the elastomeric elements in each exposed 
portion is then removed as indicated by dotted lines. Typically, one-half of the elastomeric strip exposed will be removed 

io so that spiral recesses are formed between the composite strips forming each layer as indicated in Figure 1 7. 

To establish the connection between two tubular structures, a pair of the prepared ends as shown in Figure 1 7 are 
aligned as indicated in Figure 18 so that the exposed ends of the inner layer 26 abut. The projections 28 will be exposed 
on the layer 26 and may, if desired, be aligned so as to form a continuous spiral projection from one body to the other. 
In this position, a thermoplastic welding device is applied to consolidate the abutting liners 26. 

75 As shown in Figure 19, a continuous fibre reinforced composite material 260 is then wound about the abutting lay- 
ers 20, 22 and 24. Several layers of material are wound across the abutting ends 26 and. as then shown in Figure 20. 
a plastic film 262 is wrapped about the structure and welded to the film 56. As indicated in Figure 21 , a composite mate- 
rial 264 is then wound about the layers 58 in one hand and (Figure 22) about the layer 60 in an opposite hand. As shown 
in Figure 23. a plastics sleeve 266 is welded to the layer 18 to provide a continuous outer cover The wound fibres key 

20 into the recesses formed by the removal of the elastomer and provide a strong mechanical structure which inhibits rel- 
ative movement between adjacent composite strips. In this manner, as noted above, a strong structural joint is created 
with the structural integrity of the components maintained. Obviously the requisite number of layers will be filament 
wound depending upon the structural makeup of the wall 1 2, but in each case the removal of the elastomeric elements 
enables a strong connection to be made. 

25 The procedure described above is of course particularly beneficial when used with the tubular structure of Figures 
1 to 4. Similar advantages could be obtained when used with a rigid multilayer structure having several helically wound 
composite strips in at least some of the layers. It would then be necessary to remove selected ones of the strips to pro- 
vide the spiral recesses to which the composite filaments would be applied. Similarly, connections could be made 
between the tubular structure and a coupling by providing appropriate layered helical recesses on the coupling to permit 

30 winding of the overlying filaments. 
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Claims 

1 . A tubular structure (10) having a circumferential wall formed from a pair of juxtaposed wall elements (14,16), one 
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of said elements (14) comprising a plurality of juxtaposed layers (20,22,24), one of said layers (20) being continu- 
ous and flexible and having a spirally wound radial projection (28) directed toward another of said layers (24) t said 
other layer (24) including a first spirally wound composite strip (30) having a radial projection (32) directed toward 
said one layer (20), said other layer (24) further including a spirally wound elastomeric strip (36) which is interposed 
between successive passes of said composite strip (30), the projections (28.32) on said one layer and said other 
layer being staggered relative to one another in an axial direction and overlapping one another in the radial direc- 
tion, said one (20,24) and said other layer being separated by an intermediate layer (22) having a spirally wound 
composite strip (40) located between each pair of adjacent projections (28.32) and flanked by spirally wound elas- 
tomeric strips (44,46) so as to locate an elastomeric strip between a composite strip (40) of said intermediate layer 
(22) and an adjacent one of said projections (28,32), the composite strips (30,34,40,42) of said layers (22,24) over- 
lapping one another in the axial direction to provide a continuous composite barrier in said one wall element (14) 
in the radial direction, the other wall element (16) comprising a layer (58) of alternating spirally wound composite 
strips (64) and elastomeric strips (66), the pitch of the spirally wound composite strips (64) in the radially outer of 
said wall elements (1 6) being greater than the pitch of the composite strips (30,34,40,42) in the radially inner of said 
wall elements (14). said elastomeric strips (36,44,46) and projections (28,32) co-operating to uniformly distribute 
said composite strips (36,44,46) in said respective elements (14,16) upon flexure of aid tubular structure (10) to 
maintain the structural integrity thereof. 

2. A tubular structure according to claim 1 wherein a friction reducing material (54) is located between said other layer 
20 and said intermediate layer (22). 

3. A tubular structure accoralng to claim 2 wherein a friction reducing material (52) is located between said one layer 
(20) and said intermediate layer (22). 

25 4. A tubular structure according to claim 2 wherein said friction reducing material (54) is a continuous plastic film. 

5. A tubular structure according to claim 3 wherein said friction reducing material (52) is a continuous plastic film. 

6. A tubular structure according to claim 1 wherein said other and intermediate layers (24.22) include a second spi- 
30 rally wound composite strip (34.40) axially spaced from said first composite strip (30,42) to be located between suc- 
cessive passes thereof, an elastomeric strip (36) being located between said first and second composite strips 
(32,34) to maintain said second composite strip (40) in radial alignment with the projections (28) of said one layer 
(20). 

35 7. A tubular structure according to claim 6 wherein a friction reducing material (54) is interposed between said inter- 
mediate layer (22) and said other layer (24). 

8. A tubular structure according to claim 7 wherein said friction reducing material (54) is a plastics film. 

40 9. A tubular structure according to claim 6 wherein a friction reducing material (52) is interposed between said inter- 
mediate layer (22) and said one layer (34). 

10. A tubular structure according to claim 9 wherein said friction reducing material (52) is a plastics film. 

45 11. A tubular structure according to claim 1 wherein said spirally wound composite strips (64) of said other wall (16) 
element are of opposite hand to said strips (32,34,40,42) of said one wall element. 

12. A tubular structure according to claim 1 1 wherein said other wall element includes a further layer (60) of alternating 
spirally wound composite strips (64) and elastomeric strips (66). 

so 

13. A tubular structure according to claim 12 wherein the composite strips (64) of each layer (58.60) of said other wall 
element (16) are of equal pitch. 

14. A tubular structure according to claim 1 wherein a friction reducing material (56) is located between said wall ele- 
55 merits (14,16) to facilitate relative movement therebetween. 

15. A tubular structure according to claim 1 2 wherein a further wall element (170) is provided having a structure similar 
to said one wall element (114). said other wall element (116) being located between one wall element (114) and 
said further wall element (170). 
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16. A tubular structure according to claim 15 wherein the composite strips of said one wall element (116) are of similar 
pitch and opposite hand to the composite strips of the said further wall element (1 70). 

17. A method of forming a tubular composite structure (10) having a plurality of wall elements (14,16), at least one of 
which includes one layer (22,24) having a spirally wound strip of composite material (32,40), the method compris- 
ing the steps of providing as another layer (20) of said wall element (14,16) a cylindrical support element (26) radi- 
ally inwardly of said one layer (22,24), characterized by the steps of initially applying to said support element (26) 
a spirally wound former (44,46) to define a pair of axially spaced formers and subsequently applying to said support 
element (26) a composite strip (40,42) in pliable form with formers on opposite sides of said strip to delimit the axial 
extent thereof, curing said composite strip (40,42) after application thereof to said support element (26) and sub- 
sequently applying a further wall element layer (24) radially outwardly of aid layer (22) to contain said formers 
(44,46) and said composite strip (40,42) between said layers (24,20). 

18. A method according to claim 17 wherein said formers (44,46) are elastomeric elements located between succes- 
sive passes of said strip. 

1 9. A method according to claim 1 8 further including the step of removing a portion of one of said formers after curing 
of said strip to provide a helical recess in said layer, applying further helically wound formers to the radially outer 
surface of said layer and to either side of said recess and applying a composite strip between said formers and in 
said recess to form a further spirally wound composite strip that overlaps radially with said one strip and is spaced 
therefrom by elastomeric strips. 

PatentansprQche 

1 . Rohrftrmige Struktur (1 0) mit einer Umfangswand aus einem Paar von aneinanderiiegenden Wandelementen (1 4, 
16), deren eines (14) eine Mehrzahl von aneinanderiiegenden Lagen (20, 22, 24) aufweist deren eine Lage (20) 
korrtinuiedich und flexibel ist sowie einen spiralig gewickelten radialen Vorsprung (28) aufweist. gerichtet gegen 
eine andere der genannten Lagen (24), wobei die andere Lage (24) einen ersten, spiralig gewickelten zusammen- 
gesetzten Streifen (30) umfaBt mit einem radialen Vorsprung (32). gerichtet gegen die genannte eine Lage (20), 
und die andere Lage (24) weiterhin einen spiralig gewickelten, elastomeren Streifen (36) aufweist der zwischen 
aufeinanderfolgende Durchgange des genannten zusammengesetzten Stre'rfens (30) gelagert ist. wobei die Vor- 
sprQnge (28, 32) an der genannten einen Lage und der genannten anderen Lage relativ zueinander in axialer Rich- 
tung versetzt sind und sich in radialer Richtung uberlappen, wobei die genannte eine (20, 24) und die genannte 
andere Lage durch eine Zwischenlage (22) voneinander getrennt sind, die einen spiralig gewickelten zusammen- 
gesetzten Streifen (40) aufweist, angeordnet zwischen jedem Paar von einander benachbarten VorsprOngen (28, 
32) und flankiert durch spiralig gewickelte elastomere Streifen (44, 46). so daB ein elastomerer Streifen zwischen 
einem zusammengesetzten Streifen (40) der genannten Zwischenlage (22) und einem benachbarten der genann- 
ten VorsprQnge (28, 32) angeordnet ist. wobei die zusammengesetzten Streifen (30, 34. 40. 42) der genannten 
Lagen (22, 24) einander in axialer Richtung uberlappen, urn eine kontinuierfich zusammengesetzte Sperre in dem 
genannten einen Wandelement (14) in radialer Richtung zu schaffen, wobei das andere Wandelement (16) eine 
Lage (58) aus abwechselnd spiralig gewickelten zusammengesetzten Streifen (64) und elastomeren Strerfen (66) 
umfaBt wobei die Steigung der spiralig gewickelten zusammengesetzten Streifen (64) im radial auBeren Wandele- 
ment (16) gr6Ber alsdie Steigung der zusammengesetzten Streifen (30, 34, 40, 42) im radial inneren Wandelement 
(14) ist wobei die elastomeren Strerfen (36, 44, 46) und VorsprQnge (28. 32) m'rteinander zusammenarbeiten, urn 
die genannten zusammengesetzten Streifen (36. 44. 46) in den genannten entsprechenden Elementen (14, 16) bei 
einem Verbiegen der genannten rohrf6rmigen Struktur (10) zu verteilen, urn die Einheitlichkeit der Struktur beizu- 
behaften. 

2. Rohrfdrmige Struktur nach Anspruch 1, wobei ein reibungsverringerndes Material (54) zwischen der genannten 
anderen Lage und der genannten Zwischenlage (22) vorgesehen ist 

3. RohrfSrmige Struktur nach Anspruch 2, wobei ein reibungsverringerndes Material (52) zwischen der genannten 
einen Lage (20) und der genannten Zwischenlage (22) vorgesehen ist 

4. RohrfOrmige Struktur nach Anspruch 2, wobei das genannte reibungsverringernde Material (54) ein kontinuierli- 
cher Kunststoffilm ist 

5. RohrfSrmige Struktur nach Anspruch 3, wobei das reibungsverringernde Material ein kontinuierlicher Kunststoffilm 
ist 
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6. RohrfOrmige Struktur nach Anspruch 1 , wobei die genannte andere und die Zwischenlage (24, 22) einen zweiten 
spiralig gewickelten zusammengesetzten Streifen (34, 40) aufweisen, der vom genannten ersten zusammenge- 
setzten Streifen (30, 42) einen axialen Abstand aufweist, um zwischen aufeinanderfolgenden Durchgangen hier- 
von angeordnei zu werden, wobei ein elastomerer Streifen (36) zwischen dem genannten ersten und dem 
genannten zweiten zusammengesetzten Streifen (32, 34) angeordnet ist. um den genannten zweiten zusammen- 
gesetzten Streifen (40) radial ausgerichtet zu den Vorsprungen (28) in der genannten einen Lage (20) zu halten. 

7. RohrfOrmige Struktur nach Anspruch 6. wobei ein reibungsverringerndes Material (54) zwischen der genannten 
Zwischenlage und der genannten anderen Lage (24) vorgesehen ist 

8. RohrfOrmige Struktur nach Anspruch 7, wobei das genannte reibungsverringernde Material (54) ein Plastikfilm ist. 

9. RohrfOrmige Struktur nach Anspruch 6, wobei ein reibungsverringerndes Material (52) zwischen die genannte Zwi- 
schenlage und die genannte eine Lage (24) zwischengelagert ist. 

10. RohrfOrmige Struktur nach Anspruch 9. wobei das genannte reibungsverringernde Material (52) ein Plastikfilm ist. 

11. RohrfOrmige Struktur nach Anspruch 1, wobei die genannten spiralig gewickelten zusammengesetzten Streifen 
(64) des genannten anderen Wandelementes (16) den genannten Streifen (32, 34, 40, 42) des genannten einen 
Wandelementes entgegengerichtet sind. 

12. RohrfOrmige Struktur nach Anspruch 1 1, wobei das genannte andere Wandelement eine weitere Lage (16) aus 
abwechselnd spiralig gewickelten zusammengesetzten Streifen (64) und elastomeren Streifen (66) umfaBt. 

13. RohrfOrmige Struktur nach Anspruch 12, wobei die zusammengesetzten Streifen (64) einer jeden Lage (58, 60) 
des genannten anderen Wandelementes (16) von gleicher Steigung sind. 

14. RohrfOrmige Struktur nach Anspruch 1 t wobei ein reibungsverringerndes Material (56) zwischen den genannten 
Wandelementen (14, 16) vorgesehen ist, um eine Relatrvbewegung zwischen diesen zu erieichtern. 

15. RohrfOrmige Struktur nach Anspruch 12, wobei ein we'rteres Wandelement (170) vorgesehen ist das eine Struktur 
ahnlich dem genannten einen Wandelement (114) aufweist, und daB das genannte andere Wandelement (116) 
zwischen einem Wandelement (1 14) und dem genannten anderen Wandelement (170) angeordnet ist 

16. RohrfOrmige Struktur nach Anspruch 15, wobei die zusammengesetzten Streifen des genannten einen Wandele- 
mentes (116) von gleicher Steigung und entgegengesetzt den zusammengesetzten Streifen des genannten ande- 
ren Wandelementes (1 70) sind. 

17. Verfahren zum Bilden einer rohrfOrmigen zusammengesetzten Struktur (10) mit einer Mehrzahl von Wandelemen- 
ten (14, 16), von denen wenigstens eines eine Lage (22, 24) mit einem spiralig gewickelten Streifen aus zusam- 
mengesetztem Material (32, 40) aufweist, wobei das Verfahren die folgenden Schritte umfaBt: es wird eine weitere 
Lage (20) des genannten Wandelementes (14, 16) bereitgestellt, ein zylindrisches Tragelement (26) radial inner- 
halb der genannten einen Lage (22, 24), gekennzeichnet durch die Schritte des anf&nglichen Aufbringens eines 
spiralig gewickelten Formers (44, 46) auf das genannte Tragelement (26), um ein Paar von in axialem Abstand 
angeordneten Formen zu definieren, und durch anschlieBendes Aufbringen eines zusammengesetzten Streifens 
(40, 42) in gefaiteter Form auf das Tragelement (26) mit Formern auf einander gegenuberliegenden SeHen des 
genannten Streifens, umdessen axiale Erstreckung zu begrenzen, Ausharten des genannten zusammengesetzten 
Streifens (40, 42) nach dessen Aufbringen auf das genannte Tragelement (26) und anschlieBendes Aufbringen 
einer weiteren Wandelementlage (24) radial auBerhalb der genannten Lage (22) zum UmschlieBen der genannten 
Former (44, 46) und des genannten zusammengesetzten Streifens (40, 42) zwischen den genannten Lagen (24, 
20). 

18. Verfahren nach Anspruch 17, wobei die genannten Former (44, 46) elastomere Elemente sind. die zwischen auf- 
einanderfolgenden Durchgangen des genannten Streifens angeordnet sind. 

19. Verfahren nach Anspruch 18, weiterhin umfassend den Schritt des Entfernens eines Teiles eines der genannten 
Former nach dem Ausharten des genannten Streifens, um eine schraubenlinienfOrmige Aussparung in der 
genannten Lage zu schaffen, weiterhin das Aufbringen eines schraubenlinienfOrmig gewickelten Formers auf die 
radiale AuBenfiache der genannten Lage sowie auf beide Seiten der genannten Aussparung und Aufbringen eines 
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zusammengesetzten Strerfens zwischen den genannten Formern und in der genannten Aussparung, um einen 
weiteren, spiralig gewickelten, zusammengesetzten Strelfen zu bilden, der radial einen der genannten Streifen 
Oberlappt und einen Abstand hiervon durch elastomere Streifen aufweist. 

5 Revendications 

1. Structure tubulaire (10) ayant une paroi circonferentielle form6e dune paire d*6l6ments (14,16) de paroi juxtapo- 
ses, Tun desdits 6l6ments (14) comprenant une plurality de couches juxtaposes (20,22,24), I'une desdites cou- 
ches (20) 6tant continue et souple et ayant une saillie radiale enrou!6e en spirale (28) dirig6e vers une autre 

io descfites couches (24), ladite autre couche (24) comportant une premiere bande composite enroutee en spirale 
(30) ayant une saillie radiale (32) dirigSe vers ladite couche (20), ladite autre couche (24) comprenant en outre une 
bande 61astom$re enroutee en spirale (36) qui est interpos6e entre des passes successives de ladite bande com- 
posite (30), les saillies (28.32) sur ladite couche et ladite autre couche 6tant d6cal6es Tune par rapport k rautre 
dans le sens axial et se chevauchant dans la direction radiale, ladite couche (20) et ladite autre couche (24) §tant 

75 s6par6es par une couche interm^diaire (22) ayant une bande composite enroutee en spirale (40) situ6e entre cha- 
que paire de saillies adjacentes (28,32) et flanquSe de bandes eiastomfcres enroutees en spirale (44,46) de 
manifere k positionner une bande 6lastomfcre entre une bande composite (40) de ladite couche irrterm&Jiaire (22) 
et une saillie adjacente desdites saillies (28,32), les bandes composites (30,34,40.42) desdites couches (22,24) se 
recouvrant dans la direction axiale pour fournir une barrfere composite continue dans ledHt §l6ment de paroi (14) 

20 dans la direction radiale, rautre 6l6ment de paroi (16) comprenant une couche (58) de bandes composites enrou- 
l£es en spirale (64) alternant avec des bandes 6lastom£res (66), le pas des bandes composites enroutees en spi- 
rale (64) dans lament radialement ext6rieur desdits 6l6ments de paroi (16) 6tant plus grand que le pas des 
bandes composites (30,34,40,42) dans l'6!6ment radialement int6rieur desdits 6l6ments de paroi (14), lesdites 
bandes Slastomeres (36,44,46) et saillies (28,32) cooperant pour rSpartir uniform6ment lesdites bandes composi- 

25 tes (36,44,46) dans lesdits 6l6merrts respectifs (1 4, 1 6) lors de la flexion de ladite structure tubulaire (1 0) pour main- 
tenir son integrit6 structurelle. 

2. Structure tubulaire selon la revendication 1, dans laquelle un materiau r6ducteur de friction (54) est situ6 entre 
ladite autre couche et ladite couche intermGdiaire (22). 

30 

3. Structure tubulaire selon la revendication 2, dans laquelle un materiau r6ducteur de friction (52) est situ6 entre 
ladite couche (20) et ladite couche interm6diaire (22). 

4. Structure tubulaire selon la revendication 2, dans laquelle ledit materiau r§ducteur de friction (54) est une pellicule 
35 de plastique continue. 

5. Structure tubulaire selon la revendication 3, dans laquelle ledit materiau r&Jucteur de friction (52) est une pellicule 
de plastique continue. 

40 6. Structure tubulaire selon la revendication 1, dans laquelle lesdites autre couche et couche interm6diaire (24,22) 
comprennent une deuxfeme bande composite enroul6e en spirale (34,40) espac^e axialement de ladite premiere 
bande composite (30,42) devant §tre positionn6e entre les passes successives de celle-ci, une bande Sastomfcre 
(36) 6tant situ6e entre lesdites premiere et deuxi&me bandes composites (32,34) pour maintenir ladite deuxfeme 
bande composite (40) en alignement radial avec les saillies (28) de ladite couche (20). 

45 

7. Structure tubulaire selon la revendication 6 dans laquelle un materiau rkJucteur de friction (54) est interpose entre 
ladite couche interm&Jiaire (22) et ladite autre couche (24). 

8. Structure tubulaire selon la revendication 7 dans laquelle ledit materiau r§ducteur de friction (54) est une pellicule 
so de plastique. 

9. Structure tubulaire selon la revendication 6 dans laquelle un materiau r&Jucteur de friction (52) est interpose entre 
ladite couche interm6diaire (22) et ladite couche (24). 

55 10. Structure tubulaire selon la revendication 9 dans laquelle ledit materiau r&Jucteur de friction (52) est une pellicule 
de plastique. 

11. Structure tubulaire selon la revendication 1 dans laquelle lesdites bandes composites enroutees en spirale (64) 
dudit autre 6!6ment de paroi (1 6) sont enroutees dans le sens inverse desdites bandes (32,34,40,42) dudit 6l6ment 
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de paroi. 

1 2. Structure tubulaire selon la revendication 1 1 dans laquelle led'rt autre element de paroi comprend une autre couche 
(60) de bandes composites enroulees en spirale (64) alternant avec des bandes elastomeres (66). 

5 

13. Structure tubulaire selon la revendication 12 dans laquelle les bandes composites (64) de chaque couche (58,60) 
dudit autre element de paroi (16) sont de pas egal. 

14. Structure tubulaire selon la revendication 1 dans laquelle un materiau r6ducteur de friction (56) est situe entre les- 
io dits elements de parol (14.16) pour taciliter le mouvement relatif entre eux. 

15. Structure tubulaire selon la revendication 12 dans laquelle est fourni un element de paroi supplementaire (170) 
ayant une structure simJIaire audit element de paroi (1 14), (edit autre Element de paroi (116) etant situe entre un 
element de paroi (1 1 4) et ledit element de paroi supplementaire (1 70). 

15 

16. Structure tubulaire selon la revendication 15 dans laquelle les bandes composites dudit element de paroi (116) 
sort de pas similaire el enroulees en sens inverse des bandes composites dudit element de paroi supplementaire 
(170). 

20 17. Procecte de formation d'une structure composite tubulaire (10) ayant une plurality d'elements de paroi (1 4,16), dont 
au moins un comprend une couche (22,24) ayant une bande enroulee en spirale de materiau composite (32,40), 
ie procecte comprenant l'6tape de fourrdture comme autre couche (20) dudit element de paroi (14,16) d*un element 
de support cylindrique (26) radialement interieur a ladite couche (22,24), caracl6ris6 par I'&ape d'application ini- 
tiale audit element de support (26) d'une carcasse enroulee en spirale (44,46) pour del inir une paire de carcasses 

25 espacees axialement. suivie des etapes d'application audit element de support (26) d'une bande composite 
(40.42) sous forme souple, avec les carcasses sur les c6tes opposes de ladite bande pour delimiter son etendue 
axiale, de durcissement de ladite bande composite (40.42) apres son application audit element de support (26). 
puis d'application d'une couche d'element de paroi supplementaire (24) radialement exteneure a ladite couche (22) 
pour contenir lesdites carcasses (44,46) et ladite bande composite (40,42) entre lesdites couches (24,20). 

30 

18. Precede selon la revendication 17 dans lequel lesdites carcasses (44,46) sont des elements elastomeres situes 
entre des passes successrves de ladite bande. 

19. Procecle selon la revendication 18 comprenant en outre les etapes d'enlevement d'une partie d'une desdites car- 
35 casses apres durcissement de ladite bande pour fournir un evidement helicoTdal dans ladite couche. d'application 

d'autres carcasses enroulees helicotdalement sur la surface radialement exterieure de ladite couche et de chaque 
c61e dud'rt evidement, et d'application d'une bande composite entre lesdites carcasses et dans led'rt evidement pour 
former une autre bande composite enroulee en spirale oui se chevauche radialement avec ladite bande et en est 
espacee par des bandes elastomeres. 

40 
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